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The extraction of Fe(III) and Co(II) with anthranilic
acid in benzene in the presence of nitrogen containing
organic bases such as pyridine and ~-picoline has
been studied. The effect of various parameters affect-
ing extractions has been investigated. The composi-
tions of synergistic adducts extracted into the organic
phase have been proposed on the basis of slope analy-
sis method. Based on the extraction data, some separ-
ations of metal ions have also been achieved with fair-
ly high separation factors.
Anthranilic acid is a useful complexing agent which
forms che1ates with a variety of metal ions. Be-
sides, it has also found use in the extraction of
some metal ions I - 4 in oxygenated solvents. Dinsel
and Sweet" separated Fe(II) from Fe(IIl) based on
their extraction with anthranilic acid into oxyge-
nated solvents. On the other hand, metal anthran-
ilates shew poor extraction in non-polar solvents
like chloroform" and benzene; extraction studies
on only Zn(II), Cd(II)1 and Mn(II)R anthranilates
in non-polar solvents have been carried out.
However, addition of organic bases to such sys-
tems increases the extraction significantly. In the
present note extraction behaviour of Fe(III) and
Co(ll) anthranilates in benzene in the presence of
nitrogen containing organic bases like pyridine
and ~-picoline has been reported.
Experimental
The stock solution of Fe(III) was prepared by
dissolving AR grade FeCI, in doubly distilled wa-
ter. Stock solution of Co(II) was prepared by dis-
solving AR grade CoSO 4 in doubly distilled wa-
ter. Metal ion solutions were standardized by the
recommended cornplexornetric titrations. Ben-
zene, pyridine' and ~-picoline were also of AR
grade. Freshly prepared aqueous solution of an-
thranilic acid (AR) was used throughout the in-
vestigations. SHCOradio isotope procured from
Bhabha Atomic Research Centre, Bombay (India)
was used for distribution studies.
The pH measurements of aqueous phase before
and after equilibration were made on an ex-
panded scale pH-meter (ECIL, India).
The concentration of Fe(III) in the aqueous
phase was determined spectrophotometrically us-
ing Beckman Du-6 spectrophotometer. A well
type NaI(Tl) scintillation counter was used for
counting gamma activity of SRCOin aqueous and
organic phases.
Procedure
In each set equal volumes (10 ml) of the aque-
ous phase (metal ion, anthranilic acid and hetero-
cyclic base) and benzene were shaken at room
temperature (30 ± 2°C) for 15 min for complete
equilibration. The ionic strength of the aqueous
phase was maintained constant (0.10 M) by add-
ing sodium perchlorate. The pH of the aqueous
phase was adjusted with perchloric acid or sodi-
um hydroxide. After' equilibration the two phases
were separated and pH of the aqueous phase was
determined. The concentration of Fe(III) in the
aqueous phase was determined spectrophotomet-
rically at 495 nm using sulphosalicylic acid as the
colorimetric reagent. The concentration of Fe(III)
in the organic phase was determined by differ-
ence. In the case of Co(II), suitable aliquots of the
two phases were pipetted out and the gamma ac-
tivity counted using a well type NaI(Tl) scintilla-
tion counter.
For the extraction of Fe(III) optimum concentr-
ations of anthranilic acid, pyridine and ~-picoline
were found to be 0.05 M. 0.50 M and 0.25 M re-
spectively. In case of Co(II), optimum concentr-
ations of acid and ~-picoline were 0.125 M and
1.5 M.
Results and Discussion
The extraction of Fe(lII) and Co(II) anthrani-
lates in benzene alone is negligible over the pH
range studied [pH 0.5-3.2 for Fe(III) and pH 4.8-
7.5 for Co(JI)]. However, addition of neutral don-
ors like pyridine and ~-picoline brings about
quantitative extraction. Obviously, this happens by
the replacement of water molecule from the coor-
dination sphere of the metal, rendering the spe-
cies less hydrophilic.
The reaction for mixed complex formation can
be represented as
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Table I - Extraction constants of Fe(III) at varying amine concentration and constant acid concentration
log[B]total logO log[B]aq logKex Mean logKex
(a) Pyridine
Acid concentration =0.05 M, pH = 3.2
-1.12 -0.15 -3.09 4.13
-1.00 0.14 -2.97 4.16
-0.82 0.60 - 2.79 4.28
-0.60 1.00 -2.56 4.22
-0.39 1.39 -2.36 4.21
(b) 13-Picoline
Acid concentration = 0.05 M, pH = 3.2
-1.30 -0.25 - 3.74 5.33
-1.12 0.13 -3.56 5.31
-0.90 0.60 -3.34 5.38
-0.74 0.98 - 3.18 5.44
-0.60 1.32 - 3.04 5.5D
4.20
5.39
where M represents metal ion, HA stands for an-
thranilic acid and B stands for base. The equilib-
rium constant for extraction will be given by the
equation:
[Bl = [Bllolal- x[MA1.xBL,g
nq pB + 1+H +/ KBH.
.. , (4)
= [MA,.xBlorJH+l:q
«. [M n +1 [ In [ lXaq HAaq B ~q
where pB and KBH· are the parnnon coefficient
and ionisation constant respectively, of BH + of
... (2) the base:
Hence,
logO = 10gKex+ nlog[HA]aq + xlog[Blaq+ npH
where
_ [MA,.xBL,g
o - [ n+lM aq
Assuming that the metals do not form any other
complex with excess ligand, the mass balance for
base is given by
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The average values of partition coefficient for
pyridine and l3-picoline are 1.95 and 1.85 re-
spectively". KRH values are taken from the litera-
ture!". Thus, equilibrium concentrations of base
[Blaq, were calculated using Eq. \4).
Effect of pH of the aqueous phase
The extraction of Fe(IlI) and Co(U) increased
with pH and reached a maximum near the hydro-
lysis pH of the metal ion. The per cent extraction
increased with equilibrium pH and became almost
NOTES
Table 2 - Extraction constants of Co( II) at varying amine concentration and constant acid concentration
log[Bjloli,i logD log[Blay logKe~ Mean logKex
III IIII
Acid concentration = 0, 125 M, pH = 7,0
~J~~ ~I~O~ ~I~O .. WJj
- 0.222 QJ7g -O.6g - jO.4~
-0.096 0.570 -0.55 - 10.51 -10.44
0.000 0.778 -0.46 -10.49
0.114 1.076 -0.34 -10.42
Metal ion
separated











0.25 M ;;'5 x 10.13.2
0.25 M 6.4
quantitative at pH 3.2. Therefore, all further stud-
ies on Fe(III) were carried out at pH 3.2.
In the case of Co(II) extent of extraction into
benzene increased with the increase in pH of the
aqueous phase and reached a maximum at pH
7.0.
Effect of acid concentration
To calculate the number of acid molecules re-
quired for the formation of the extracted species
the concentration of acid was varied at constant
pH and amine concentration. It was observed that
extraction increased with the increase in acid con-
centration. In case of Fe(IIl) the plot of 10gD ver-
sus log of anthranilic acid concentration in pres-
ence of pyridine or ~-picoline was linear with
slope of nearly one. It indicated the consumption
of one acid molecule per metal atom. The plot of
log D versus log of acid concentration in the case
of Co(II) was also linear but had a slope of
around two thus suggesting the incorporation of
two acid molecules per metal atom.
The extraction studies of Fe(Ill) into benzene
were carried out at constant metal ion concentra-
tion in presence of pyridine or ~-picoline and
varying anthranilic acid concentration from (0.007
M to 0.04 M). In case of Co(IJ) the studies were
carried out only in presence of ~-picoline and ac-
id concentration was varied from 0.025 M to 0.12
M.
Effect of amine concentration
In order to find the ratio of metal to base in the
extracted species the log-log plots were drawn be-
tween' distribution ratio and base concentration.
The extraction studies on Fe(III) were carried out
with varying pyridine (0.075 M- 0.40 M) or ~-
picoline (0.05 M- 0.25 M) concentrations and at
constant pH (3.2) and anthranilic acid concentration
(0.05 M). in the case of Co(II) extraction studies
were carried out in the presence of ~-picoline on-
ly. The studies were carried out at constant pH
(7.0) and anthranilic acid concentration (0.125 M)
varying ~-picoline concentration from 0.2 M to
1.3 M. The plots of 10gD versus log [BLIa' in all
the three cases were linear with slopes of two
thus suggesting the' incorporation of two base
molecules per metal atom in the extracting spe-
cies.
Extracted species
On the basis of the above results the composi-
tion of the extracted species can be represented
as:
[Fe(OH)~A.2Bl and [Co~.2Bl
where anthranilic acid acts as a bidentate ligand,
coordination taking place through oxygen of the
carboxylate group and also through nitrogen of
the amine group.
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Extraction constants
Equation (3) has been used for the calculation
of extraction constants (KeJ at different amine
concentrations and the results are given in Tables
I and 2. Extraction data on Fe(III) reveal that ~-
picolinc is a better synergist than pyridine.
Separation
The extraction behaviour of Fe(III), Co(II) and
Mn(II) has been studied to find the optimum con-
ditions of separations. Extraction of Mn(II) and
Co(II) was found to be negligible « 2%) with
0.05 M anthranilic acid in the presence of ~-
picoline (0.25 M) in the pH range 2-3.5. How-
ever, the extraction of Fe(IIl) was almost quantita-
tive at pH 3.2 and the extraction of Mn(II) and
Co(II) started after pH 4.5 only. Thus, Fe(IlI) can
be conveniently separated from Mn(II) and Co(lI);
separation of Mn(lI) and Co(Il) is also possible.
When 0.05 M anthranilic acid was used in the
presence of 0.25 M ~-picoline, Mn(lI) was quanti-
tatively extracted at pH 6.4, whereas extraction of
Co(II) under these conditions was only 20%,
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Co(II) was quantitatively extracted at pH 7.0 with
0.125 M anthranilic acid and 1.5 M ~-picoline.
This offers a possibility of an effective separation
of Co(lI) from Mn(lI). The optimum conditions of
the above mentioned separations along with the
separation factors are listed in Table 3.
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